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DESCRIPTION 
METHOD FOR SUPPLYING REACTION GASES IN 
CATALYTIC GAS-PHASE OXIDATION PROCESS 

5 TECHNICAL FIELD 

The present invention relates to a method for supplying reaction gases in a 
catalytic gas-phase oxidation reaction in which a material to be oxidized and a 
gas containing molecular oxygen are mixed and the resultant mixture is sup- 
plied to a catalytic gas-phase oxidation reactor and subjected to a catalytic gas- 
1 0 phase oxidation reaction, and when the composition of a gas at the inlet of the 
catalytic gas-phase oxidation reactor is changed, it can be performed safely 
while bringing out the maximum capability of the production process. 

BACKGROUND ART 

15 So far, a method for supplying reaction gases in a catalytic gas-phase oxida- 
tion process in which a material to be oxidized and a gas containing molecular 
oxygen are mixed and the resultant mixture is supplied to a catalytic gas-phase 
oxidation reactor and subjected to a catalytic gas-phase oxidation reaction has 
been known. For example, a method of producing methacrolein by reacting 

20 isobutylene and oxygen and a method of producing methacrylic acid by react- 
ing methacrolein and oxygen are exemplified (cf. Japanese Patent Application, 
First Publication No. 2000-356450). 

In the case of mixing a material to be oxidized and a gas containing 
molecular oxygen and performing a catalytic gas-phase oxidation reaction, 

25 there is mostly a peculiar explosion range in a compositional range resulting 
from a combination of a material to be oxidized and molecular oxygen. In the 
present invention, the explosion range means a compositional range in which 
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the material to be oxidized and oxygen possibly react to cause explosion. Be- 
sides an explosion range can be termed as a combustion range. 

On the other hand, in the case of a catalytic gas-phase oxidation reaction 
which produces methacrolein or methacrylic acid by using isobutylene or 
5 methacrolein as a material to be oxidized, it is important to avoid giving a cata- 
lyst a reducing atmosphere from the view point of the catalyst life, so that the 
composition of a gas at the inlet of a catalytic gas-phase oxidation reactor 
tends to become near an explosion range, even though it is outside the explo- 
sion range. 

10 Further, In the prior art, an unchanged fixed point in a concentration composi- 
tion was set up taking a safety into consideration, however, when changing as 
the occasion demands, especially a concentration composition while continuing 
an operation, there was no indication about a method of securing safety as for 
a composition in the course of the change. 

15 

DISCLOSURE OF INVENTION 
An object of the present invention is to provide a method for supplying reac- 
tion gases in a catalytic gas-phase oxidation reaction wherein a compositional 
change of the reaction gases can be performed safely so as to bring out the 
20 maximum capability of a production process even when the reaction is per- 
formed under a composition of the reaction gases near an explosion range. 

The present invention is a method for supplying reaction gases in a catalytic 
gas-phase oxidation reaction in which at least a material to be oxidized and a 
gas containing molecular oxygen are mixed and the resultant mixture is sup- 
25 plied to a catalytic gas-phase oxidation reactor, characterized in that, a feed 

rate of the material to be oxidized and a feed rate of the gas containing molecu- 
lar oxygen are adjusted so that when a composition of a gas at the inlet of the 
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catalytic gas-phase oxidation reactor is changed from a composition A point 
[the concentration of the material to be oxidized: R(a), and the concentration of 
oxygen: 0(a)] represented by plotting a concentration of the material to be oxi- 
dized and a concentration of molecular oxygen in the gas at said inlet to a 
5 composition B point [the concentration of the material to be oxidized: R(b), and 
the concentration of oxygen: 0(b)] [with a proviso that the composition A point 
and the composition B point are compositions outside a range in which the ma- 
terial to be oxidized and oxygen possibly react to cause explosion (an explo- 
sion range), and R(a) =^ R(b) and 0(a) =^ 0(b)], compositions on the way of 

1 0 the change from the composition A point to the composition B point fall outside 
the explosion range. 

In the present invention, feed rates of the material to be oxidized and the gas 
containing molecular oxygen are adjusted so that when the composition of a 
gas at the inlet of the reactor is changed from a start composition A point to a 

15 target composition B point, it is carried out by changing the composition not 
along the shortest distance on a plot (that is a straight line connecting the A 
point with the B point on the plot) but along a roundabout way in order that the 
composition on the way between the two points falls outside an explosion 
range, and especially doesn't come up to the explosion range. Consequently, 

20 a reaction condition can be changed safely and the maximum capability of a 
production process can be brought out. In other words, according to the pre- 
sent invention, it is possible to change a compositional condition safely while 
bringing out the maximum capability of the production process even in the case 
of performing the reaction with the composition near the explosion range. 

25 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 is a graph plotting compositions of a material to be oxidized and oxy- 
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gen in a gas at the inlet of a catalytic gas-phase oxidation . reactor. 

Fig. 2 Is a graph plotting compositions of a material to be oxidized and oxy- 
gen in a gas at the inlet of a catalytic gas-phase oxidation reactor. 

Fig. 3 is a graph plotting compositions of a material to be oxidized and oxy- 
5 gen in a gas at the inlet of a catalytic gas-phase oxidation reactor. 

Fig. 4 is a graph plotting compositions of a material to be oxidized and oxy- 
gen in a gas at the inlet of a catalytic gas-phase oxidation reactor. 

Fig. 5 is a flow chart showing an operating procedure of a computer when 
using a specific program. 
1 0 Fig. 6 is a graph plotting compositions of a material to be oxidized and oxy- 
gen in a gas at the inlet of a catalytic gas-phase oxidation reactor. 

Fig. 7 is a graph plotting compositions of the material to be oxidized and oxy- 
gen In the gas at the Inlet of the catalytic gas-phase oxidation reactor In Exam- 
ple 1 (and Comparative example 1). 
15 Fig. 8 is a graph plotting compositions of the material to be oxidized and oxy- 
gen in the gas at the inlet of the catalytic gas-phase oxidation reactor in Exam- 
ple 2 (and Comparative 
example 2). 

BEST MODE FOR CARRYING OUT THE INVENTION 
20 In a method for supplying reaction gases wherein at least a material to be 
oxidized and a gas containing molecular oxygen are mixed and the resultant 
mixture is supplied to a catalytic gas-phase oxidation reactor, a change in a 
composition of reaction gases of a catalytic gas-phase oxidation reaction oc- 
curs depending on Increase or decrease of an operating load. 
25 A production process using a catalytic gas-phase oxidation reactor usually 
has a collection step of a reaction product. Therefore, generally, an exhaust 
gas from the collection step is supplied as a portion of a gas at the inlet of the 
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catalytic gas-phase oxidation reactor to obtain a target composition of the gas 
at the inlet of the catalytic gas-phase oxidation reactor. Further, other than us- 
ing the exhaust gas, an inert gas such as nitrogen or water vapor, or a gas ob- 
tained after combusting the exhaust gas can be supplied to obtain the target 
5 composition of the gas at the inlet of the reactor. 

The feed rates of said gases in comparison with the total amount of gases 
that pass through the process may often be large. Therefore, in such a pro- 
duction process, it is not advisable to increase the supplying amount of a mate- 
rial to be oxidized and oxygen to the catalytic gas-phase oxidation reactor while 

1 0 keeping the composition of a gas at the inlet of the catalytic gas-phase oxida- 
tion reactor constant in order to obtain a larger production capacity (high pro- 
ductivity) with the same size of the equipment. This is because to keep the 
composition of the gas at the inlet of the catalytic gas-phase oxidation reactor 
constant, it is necessary to increase the supplying amount of the exhaust gas 

15 and the like from said collection step and the like, and as a result, the total 

amount of the gases that pass through the whole process including the catalytic 
gas-phase oxidation reactor increases excessively to reach the capacity limit 
earlier. 

For this purpose, in a reaction in which a material to be oxidized and a gas 
20 containing molecular oxygen are mixed and the resultant mixture is supplied to 
a catalytic gas-phase oxidation reactor, an increase or a decrease of the oper- 
ating load to the reactor (productivity) generally cause a change of a composi- 
tion of a gas at the inlet, and the change of the composition is necessary for an 
effective and economical operation of the production process and should be 
25 performed safely. The present invention is quite useful in such an occasion. 

The present invention can be applied generally to a reaction in which a mate- 
rial to be oxidized and oxygen have an explosion range. As the material to be 
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oxidized, propylene, isobutylene. tertiary butyl alcohol, acrolein, methacrolein 
and the like can be exemplified. Especially, in the case the material to be oxi- 
dized is isobutylene, tertiary butyl alcohol or methacrolein, the present invention 
can be applied effectively. In the present invention, when changing a gas 
5 composition just before supplying to the catalytic gas-phase oxidation reactor, a 
feed rate of the material to be oxidized and a feed rate of the gas containing 
molecular oxygen are adjusted by taking the explosion range into consideration. 

Especially, in the present invention, it is preferable to adjust the feed rates in 
such a way that one of the feed rates of the material to be oxidized and the gas 

10 containing molecular oxygen Is adjusted in advance by increasing It or decreas- 
ing it to the direction away from the explosion range and then the other feed 
rate is adjusted by increasing it or decreasing It to reach to the composition B 
point so that the compositions on the way of the change from the composition A 
point to the composition B point fall outside the explosion range. Hereinafter, 

15 a preferable embodiment is explained by using Fig. 1 and Fig. 2. 

Fig.1 is a graph plotting compositions of a material to be oxidized and oxygen 
in a gas at the Inlet of a catalytic gas-phase oxidation reactor. In this graph, 
the ordinate axis represents an oxygen concentration (%) In the gas at the Inlet, 
and the abscissa axis represents a concentration of a material to be oxidized 

20 (%) In the gas at the inlet. An explosion range showing as an upper range of a 
curve means that there Is a possibility of an explosion when the compositional 
rate of the material to be oxidized and oxygen comes Into this range. In the 
case of synthesizing a product with a catalytic gas-phase oxidation reaction us- 
ing a material to be oxidized and oxygen, a composition of a gas at the inlet of 

25 the reactor Is determined to avoid this range. 

As mentioned hereinbefore, in the case of a catalytic gas-phase oxidation 
reaction producing methacrolein or methacrylic acid by using, especially, isobu- 
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tylene. tertiary butyl alcohol or methacrolein as a material to be oxidized, the 
composition of a gas at the inlet of a catalytic gas-phase oxidation reactor 
tends to become near an explosion range, even though It Is outside the explo- 
sion range, because it is important to avoid giving a catalyst a reducing atmos- 
5 phere from the view point of the catalyst life. In the case of synthesizing 
methacrolein with a catalytic gas-phase oxidation of isobutylene and oxygen, 
for example, an operation of a normal load is carried out at the A point in Fig. 1 
which is near, though outside, the explosion range. 
In the case of an operation of a normal load (a normal productivity), it is car- 

1 0 ried out with a composition of a gas at the inlet represented by the A point in 
Fig. 1 . Further, in the case that an operation above the normal load is neces- 
sary, an operating load is increased to the direction of the B point in Fig.l , that 
is, to the direction where concentrations of a material to be oxidized and oxy- 
gen in the gas at the inlet are increased. A change of the composition of the 

15 gas at the inlet from the A point to the B point generally follows the route shown 
as the dotted line in many cases, but, such a method may not be safe, because 
the composition may get nearer to the explosion range than it needs and may 
fall into the explosion range due to the effect of fluctuations of process condi- 
tions such as a disorder of a gauge and the like. Moreover, from the practical 

20 point of view, following this route changes (increases) the feed rate of a gas 

containing molecular oxygen such as oxygen gas, air and the like as an oxygen 
source and the feed rate of the material to be oxidized at the same time, and it 
is difficult to change the condition by following this dotted line without approach- 
ing to the explosion range. 

25 Consequently, in the example shown in Fig. 1 , at first, only a feed rate of the 
material to be oxidized out of the feed rates of a material to be oxidized and a 
gas containing molecular oxygen is increased and a composition of a gas at the 
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inlet is moved from the A point to the b point. At the b point, the concentration 
of the material to be oxidized is deservedly increased in comparison with the A 
point, but the concentration of oxygen is a little decreased as compared with 
the A point, and the solid line connecting the A point to the intermediate b point 
is declining. This is because the proportion of oxygen in comparison with the 
whole gas at the inlet is decreased relatively, as a result of the increase of the 
feed rate of the material to be oxidized. Subsequently, only the feed rate of 
the gas containing molecular oxygen out of the feed rates of the material to be 
oxidized and the gas containing molecular oxygen is increased and the compo- 
sition of the gas at the inlet is moved to the target B point. Here, the solid line 
connecting the b point to the B point is inclining, because, with the same rea- 
son as the above, the proportion of the material to be oxidized in comparison 
with the whole gas at the inlet is decreased relatively, as a result of the in- 
crease of the feed rate of the gas containing molecular oxygen. According to 
the above procedure, the risk is reduced in comparison with the route of the 
compositional change represented by the dotted line and it is possible to 
change the composition of the gas at the inlet safely. 

In the next place, an example where a decrease of an operating load is nec- 
essary Is explained by using Fig. 2. Fig. 2 is, same as in Fig. 1 , a graph plot- 
ting compositions of a material to be oxidized and oxygen in a gas at the inlet of 
a catalytic gas-phase oxidation reactor. In this example, changing the compo- 
sition from the A point to the B point corresponds to decreasing the operating 
load. A change of the composition of the gas at the inlet from the A point to 
the B point generally follows the route shown as the dotted line in many cases, 
but, such a method may cause the composition to get nearer to the explosion 
range than it needs as mentioned above. Consequently, in the example 
shown in Fig. 2, only the feed rate of the gas containing molecular oxygen out 
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of the feed rates of the material to be oxidized and the gas containing molecu- 
lar oxygen is decreased at first and the composition of the gas at the inlet is 
moved from the A point to the intermediate b point. Subsequently, only the 
feed rate of the material to be oxidized out of the feed rates of the material to 
5 be oxidized and the gas containing molecular oxygen is decreased and the 
composition of the gas at the inlet Is moved from the b point to the B point. 
According to the above method, the risk is reduced in comparison with the 
route of the compositional change represented by the dotted line and it is pos- 
sible to change the composition of the gas at the inlet safely. The reason that 

10 the solid line connecting the A point to the b point and the solid line connecting 
the b point to the B point are sloping is the same as in the case of Fig. 1 . 

Further, in the case there exists a concentration of a material to be oxidized 
corresponding to the lowest oxygen concentration of the explosion limit, an ex- 
ample which excludes a method of changing a composition across the above 

15 concentration of the material to be oxidized is explained. For example, in the 
case that isobutylene or methacrolein is used as the material to be oxidized in a 
catalytic gas-phase oxidation reaction wherein at least the material to be oxi- 
dized and a gas containing molecular oxygen are mixed and the resultant mix- 
ture is supplied to the catalytic gas-phase oxidation reactor, an explosion range 

20 generally has the lowest oxygen concentration of the explosion limit. 

Fig. 3. as well as Fig. 1 and Fig. 2, is a graph plotting compositions of a ma- 
terial to be oxidized and oxygen in a gas at the inlet of a catalytic gas-phase 
oxidation reactor. 

A concentration of the material to be oxidized corresponding to "the lowest 
25 oxygen concentration of the explosion limit" in the present invention means a 
concentration of the material to be oxidized at the minimum composition point 
such as the C point. In case of changing the composition directly from the A 
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point to the B point across the composition point such as the C point, for exam- 
ple, an explosion range can't be avoided. In such a case, a point outside the 
explosion range such as the C point having a composition in which a concen- 
tration of the material to be oxidized corresponding to the lowest oxygen con- 
centration of the explosion limit and an oxygen concentration a little lower than 
the lowest oxygen concentration of the explosion limit may be taken as an in- 
termediate point. Using the point, a composition is changed according to the 
above method from the A point to the C point at first, and then the composition 
is changed from the C point to the B point according to the above method as 
well, thus the composition can be changed safely. 

In short, the example, as represented by Fig. 3, is the one in which, in the 
case there exists the composition C point [the concentration of a material to be 
oxidized: R(c), and the concentration of oxygen: 0(c), wherein 0(c) < 0(a), 
0(c) < 0(b) and R(b) > R(c) > R(a) or R(a) > R(c) > R(b)] of the lowest oxygen 
concentration of an explosion limit in an explosion range, a feed rate of a mate- 
rial to be oxidized and a feed rate of a gas containing molecular oxygen are ad- 
justed so that the compositions on the way of the change from the composition 
A point to the composition B point pass through the composition C point [the 
concentration of a material to be oxidized: R(c'), and the concentration of oxy- 
gen: O(c'), wherein R(c') = R(c). O(c') < 0(c)]. In the present invention, such 
an embodiment is also preferable. 

Further, an embodiment to mainly attain a higher productivity in the present 
invention is explained by using Fig. 4. Fig. 4, as well as Fig. 1 to Fig. 3, is a 
graph plotting compositions of a material to be oxidized and oxygen in a gas at 
the inlet of a catalytic gas-phase oxidation reactor. The D point in Fig. 4 
represents a composition of the gas at the Inlet of the reactor at an operating 
condition of a standard productivity, that is, at a normal load. And the E point 
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represents a composition of the gas at the inlet at an operating condition of a 
higher productivity. And the e point represents a similar intermediate point as 
in the mode of Fig. 1 . Further, dotted circles around the D point and the E 
point qualitatively represent compositional ranges variable in accordance with a 
real operating facilities or operational states. The size of the radii of these cir- 
cles can be determined by precision of a control system or by precision of a 
gauge or an analytical apparatus monitoring an actual composition. 

In the catalytic gas-phase oxidation reaction mentioned above, it is neces- 
sary to operate avoiding a reducing atmosphere when changing the raw gas 
composition from the viewpoint of a life of the catalyst used in the oxidation re- 
action. In order to avoid the reducing atmosphere, it is preferable to maintain* 
a molar ratio of oxygen and a material to be oxidized in the raw gas or to in- 
crease a molar ratio of oxygen. The molar ratio corresponds to a slope of the 
straight line DE in Fig. 4. And an extension of the straight line DE enters into 
an explosion range as shown in Fig. 4. 

In an actual operation, it is necessary to consider a compositional fluctuation 
within a range of a dotted circle, and the upper limit of the E point when in- 
creasing both the concentrations is a point where the dotted circle around the E 
point contacts with an explosion range. On the other hand, a radius of this cir- 
cle can be reduced in accordance with the precision of a control system or with 
the precision of a gauge or an analytical apparatus monitoring an actual com- 
position. Especially in the present invention, the radius of the circle can be 
reduced by a method of observing all the times a composition of a reaction gas 
at the inlet with a display such as CRT and the like and preferably connecting 
the composition with an automatic shutdown system In the case of an unusual 
access, and as a result, a higher concentration of a composition of the E' point 
can be adopted safely to attain a higher productivity. That is, in the present 
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invention, it is a very preferable embodiment for attaining a high productivity to 
show an explosion range and a present compositional point on a display as in 
Fig. 1 to Fig. 4, and to observe all the times the relation between the explosion 
range and the compositional point. 

The embodiment can be preferably performed by using a program which 
makes a computer function especially as a means for showing an explosion 
range on a display and as a means for showing on the display a compositional 
point which is represented by plotting measured values of concentrations of a 
material to be oxidized and oxygen in a gas at the inlet of a catalytic gas-phase 
oxidation reactor as well as the explosion range. 

Fig. 5 is a flow chart showing an operating procedure of a computer when 
using said program. Firstly, based on data of an explosion range of a specific 
material to be oxidized and oxygen being used, the explosion range is shown 
on a display (501). Here, the data of the explosion range may be newly input 
data of a user or already known data previously stored in a program or a com- 
puter memory. Secondly, from a measuring device of a concentration of a ma- 
terial to be oxidized (R) and a concentration of oxygen (O2) of a gas at the inlet 
of the catalytic gas-phase oxidation reactor, a present measured value (R, O2) 
is received in turn (502). Thirdly, coordinates of the measured value (R, O2) 
are obtained (503), then the present compositional point is shown together with 
said explosion range on a display (504). The showing on the display is con- 
tinued till the end of the operation of the catalytic gas-phase oxidation reaction 
(505). 

So far, each embodiment for carrying out the present invention has been ex- 
plained, however, the present invention is not limited with these embodiments. 
For example, in said embodiments, feed rates of a material to be oxidized and 
a gas containing molecular oxygen are increased or decreased separately, but, 
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both the rates may be changed at the same time if it is possible to adjust the 
composition at the inlet to be out of the explosion range. 

Further, in said embodiments, although a simple change from the composi- 
tion A point to the composition B point has been explained, it is possible to re- 
peat said method of embodiment plural times in the case that it Is necessary to 
perform a large conditional change. More specifically, it is possible to repeat 
the method shown in Fig. 1 three times, in other words, to reach the target B 
point through the five intermediate points b1 , b2, b3, b4, b5 shown in Fig. 6. 

Hereinafter, the present invention will be entered Into details with reference to 
the following examples. 
Example 1 

At first, isobutylene, oxygen and nitrogen were mixed with various composi- 
tional ratios by using an experimental device, and experimental data of compo- 
sitional points causing explosion and not causing explosion were taken. The 
experimental data were input into a computer installed with the program men- 
tioned above, and the computer was set to show an explosion range with re- 
spect to Isobutylene and oxygen on a display. 

In a production process in which Isobutylene and oxygen Is subjected to re- 
act to produce methacrolein, then isobutylene, air and an exhaust gas from a 
collection step were mixed and, as shown in Fig. 7, the mixed gas (the A point) 
adjusted to have Isobutylene concentration of 3.5% by volume and oxygen 
concentration of 11% by volume was supplied to the Inlet of an oxidation reac- 
tor. The exhaust gas from the collection step was used as a gas for dilution in 
order to adjust the composition. From this state, an operating load was 
changed to isobutylene concentration of 4.5% by volume and oxygen concen- 
tration of 12% by volume (the B point), without changing a feed rate of the gas 
for dilution. When the change was performed, a feed rate of isobutylene was 



13 



increased at first to isobutylene concentration of 5.09% by volume and oxygen 
concentration of 10.82% by volume (the b point), and then a feed rate of air 
was increased to Isobutylene concentration of 4.5% by volume and oxygen 
concentration of 12% by volume, while monitoring a graph of an explosion 
5 range and a compositional point shown on a display as shown in Fig. 7, and a 
target load change was performed. The load change was performed safely 
and didn't get near to the explosion range, as shown in Fig. 7. 
Example 2 

At first, methacrolein, oxygen and nitrogen were mixed with various composi- 

10 tional ratios by using an experimental device, and experimental data of compo- 
sitional points causing explosion and not causing explosion were taken. The 
experimental data were input into a computer installed with the program men- 
tioned above, and the computer was set to show an explosion range with re- 
spect to methacrolein and oxygen on a display. 

15 In a production process in which methacrolein and oxygen is subjected to re- 
act to produce methacrylic acid, then methacrolein, air and an exhaust gas 
from a collection step were mixed and, as shown in Fig. 8, the mixed gas (the A 
point) adjusted to have methacrolein concentration of 3.5% by volume and 
oxygen concentration of 9.65% by volume was supplied to the inlet of an oxida- 

20 tion reactor. The exhaust gas from the collection step was used as a gas for 
dilution in order to adjust the composition. From this state, an operating load 
was changed to methacrolein concentration of 3% by volume and oxygen con- 
centration of 9.23% by volume (the B point), without changing a feed rate of the 
gas for dilution. When the change was performed, a feed rate of air was de- 

25 creased at first to methacrolein concentration of 3.65% by volume and oxygen 
concentration of 9.1 7% by volume (the b point), and then a feed rate of methac- 
rolein was decreased to methacrolein concentration of 3% by volume and oxy- 
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gen concentration of 9.23% by volume, while monitoring a graph of an explo- 
sion range and a compositional point shown on a display as shown in Fig. 8, 
and a target load change was performed. The load change was performed 
safely and didn't get near to the explosion range, as shown in Fig. 8. 
5 Comparative Example 1 

In a production process same as in Example 1 , the mixed gas was adjusted 
to have isobutylene concentration of 3.5% by volume and oxygen concentration 
of 1 1 % by volume (the A point). From this state, the composition was tried to 
change, by increasing a feed rate of isobutylene and a feed rate of air at the 

1 0 same time, without changing a feed rate of the gas for dilution, to isobutylene 
concentration of 4.5% by volume and oxygen concentration of 12% by volume 
(the B point), following the dotted line in Fig. 7. However, in the course of the 
compositional change, the composition was liable to come into the explosion 
range in the vicinity of the X point, so, thereafter the operation was discontin- 

15 ued. 

Comparative Example 2 

In a production process same as in Example 2, the mixed gas was adjusted 
to have methacrolein concentration of 3.5% by volume and oxygen concentra- 
tion of 9.65% by volume (the A point). From this state, the composition was 

20 tried to change, by decreasing a feed rate of methacrolein and a feed rate of air 
at the same time, without changing a feed rate of the gas for dilution, to 
methacrolein concentration of 3% by volume and oxygen concentration of 
9.23% by volume (the B point), following the dotted line in Fig. 8. However, in 
the course of the compositional change, the feed rate of air fluctuated and the 

25 composition was liable to come into the explosion range in the vicinity of the Y 
point, so, thereafter the operation was discontinued. 
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